Abstract Juvenile idiopathic arthritis (JIA)-associated uveitis can be associated with vision-compromising complications such as cataracts, glaucoma, synechiae, and band keratopathy. Of these, cataracts are one of the most common sequelae of JIA-associated uveitis and can result in significant visual disability. Risk factors for cataracts include posterior synechiae and longstanding ocular inflammation. Prevention of cataract development is crucial through appropriate control of uveitis. However, not all preventive measures are successful, and further management consisting of medical and surgical techniques is often necessary. Various factors should be taken into consideration when deciding on cataract management, including timing of surgery and placement of an intraocular lens. Continued partnership between pediatric rheumatologists and pediatric ophthalmologists can help ensure favorable visual outcomes.
Introduction
Juvenile idiopathic arthritis (JIA) is the most common rheumatologic condition of childhood. It is also the most common systemic cause of childhood uveitis in North America, with a reported prevalence in JIA up to 38% [1] [2] [3] and a range between 9% and 30% [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The risk of JIAassociated uveitis (JIA-U) differs based on arthritis subtype, wherein children with oligoarticular JIA have up to a 20% risk of uveitis development [2] .
Uveitis is potentially blinding with a chronic and often relapsing course. Almost 80% of patients have bilateral disease [16] . Risk factors include early age at onset, short disease duration, arthritis subtype, and antinuclear antibody (ANA) seropositivity [7, [17] [18] [19] [20] . Reported risk factors for vision loss include the presence of uveitis before arthritis, severe disease and complications at initial examination, short duration between arthritis onset and uveitis, young age, presence of one or more anterior chamber flares, and male gender [7, 17, 18, [21] [22] [23] [24] . The HLA-B27 gene can be associated with painful symptomatic uveitis in older children with enthesitis-related arthritis, which is different from asymptomatic eye disease in younger children [2, 25] .
There is a significant risk of secondary ocular complications associated with JIA-U; hence, the American Academy of Pediatrics recommends regular vision screening for children with JIA [16, 26] . According to these guidelines, a child is at higher risk of uveitis based on arthritis subtype (using the juvenile rheumatoid arthritis classification scheme), ANA status, age at juvenile rheumatoid arthritis onset, and disease duration (Table 1) . Children at high risk should be screened by their ophthalmologists every 3 months to avert serious visual sequelae. Screening for uveitis consists of measuring visual acuity (VA) and a slit lamp examination of aqueous humor cell and protein flare graded according to the Standardized Uveitis Nomenclature guidelines [27] .
Complications of Uveitis
Approximately 20% to 60% of children with JIA-U suffer from severe vision-compromising complications secondary to uveitis, which may include cataract, glaucoma, band keratopathy, posterior synechiae, and hypotony [7, 18, [28] [29] [30] [31] . Up to 65% of children are asymptomatic in early JIA-U; about 45% suffer from complications at their initial visit [7] . Increased duration of eye inflammation leads to a greater likelihood of ocular damage and complications. In a study of 75 children with JIA-U, Thorne et al. [18] estimated that after 3 years, 30% of children developed a VA of 20/50, and 24% developed blindness or a VA of 20/200 or worse [18] . In the persistent and extended oligoarticular subtypes, 30% and 38% had a VA of 20/50 or worse, respectively, and 9% and 23% had a VA of 20/200 or worse [7] . Hence, JIA-U can lead to long-term visual impairment and ocular complications, with persistent visual morbidity extending into adulthood [30, 32•] . This paper focuses on the prevention and management of cataracts, one of the most common complications of JIA-U [1, 4, 31, 33, 34] . Although age-related cataracts are more common and their management frequently routine, the complexities of cataract management in patients with JIA-U warrants a thorough consideration of concomitant systemic and local immunosuppression, perioperative measures to prevent postoperative inflammatory flare-ups, and longterm coordination of care between pediatric rheumatologists and treating ophthalmologists to optimize visual outcomes.
Juvenile Idiopathic Arthritis-Associated Cataracts
Incidence/Prevalence of Cataracts in Juvenile Idiopathic Arthritis-Associated Uveitis Cataracts, or lens opacities, are among the most frequently observed ocular complications of JIA. New-onset cataracts in JIA-U patients have an estimated incidence of 0.04/eyeyear and a reported prevalence between 9% and 80% in children or uveitic eyes. However, their occurrence may be influenced by the duration of uveitis, degree of inflammation control, and concomitant topical corticosteroid (CS) use [4-8, 10, 15, 18, 29, 30, 35••, 36, 37] .
Unfortunately, uveitis can persist into adulthood, and retrospective cohort studies report a cataract frequency of approximately 80% in adults with a history of JIA-U [30, 38•] . In one study of 18 adult patients with JIA-U, 70% of 30 eyes were visually handicapped or blind at follow-up due to cataract, hypotony, or macular pathology [30] . A recent study by Camuglia et al. [32•] reviewed the outcomes of 30 eyes in 17 adults with active JIA-U. Five patients underwent cataract surgery during childhood, and 9 patients, or 13 eyes (53%) had a new complication of cataracts or glaucoma into adulthood, with 10 eyes requiring cataract surgery and intraocular lens (IOL) implantation. Interestingly, no patients received steroid-sparing agents in childhood and all had an older age at onset of uveitis (mean, 11.5 years), emphasizing the potential importance of early and aggressive treatment.
Risk Factors for Cataracts
Several retrospective series have described risk factors for cataract development in JIA-U, which include 1) posterior synechiae, or adhesion of the capsule to the iris of the lens, on initial examination; 2) systemic CS therapy; 3) topical CS therapy exceeding 3 drops/d; and 4) active, ongoing inflammation [35••, 36, 37, 39] .
A study by Sijssens and colleagues [40] evaluated the factors that accelerate and mitigate the development of cataracts requiring surgery. They reviewed the records of 53 children with JIA-U or uveitis who were ANA positive from 1990 through 2006, specifically evaluating the interval from uveitis development to the first eye undergoing cataract extraction (U-CE). Children were observed for a mean of 3.4 years, and 51% underwent CE before the end of follow-up. Mean age at uveitis onset was 4.6 years for children needing CE and 6.2 years for those not needing CE. They described a shorter U-CE interval in patients with posterior synechiae at diagnosis and a longer U-CE interval in patients treated with methotrexate. Interestingly, no differences were identified in children in whom uveitis was diagnosed as the first manifestation of JIA compared with those patients in whom arthritis was the first manifestation. Gender and ANA status were similarly unrelated to the U-CE interval. On univariate analysis, periocular CS was associated with a shorter U-CE interval, but when adjusted for the presence of posterior synechiae, this was not found to be statistically significant. More recently, Thorne et al. [35••] investigated the incidence of cataracts, risk factors for cataract development, and the effect of treatment with topical CS in 75 children with JIA-U over a 21-year period. In their population, the prevalence of visual impairment was 36.4%, 23.7% of whom were blind at presentation. Nearly 25% of eyes had a cataract at presentation, and 23.1% had undergone cataract surgery. Factors that were significantly associated with cataract development included active anterior chamber inflammation at increasing levels, use of topical CS, and the presence of posterior synechiae at presentation. Interestingly, an increased duration of uveitis prior to presentation was associated with a decreased risk of cataract development. The authors' explanation was that this counterintuitive finding was secondary to survivor bias because eyes with milder disease do not develop cataract as quickly compared with children with more severe disease at the time of presentation. They examined the effects of daily dosing of topical CS and concluded that the risk of cataract development increased as the number of daily drops increased; specifically, the use of topical CS, 3 drops or less daily, was associated with an 87% reduction in the risk of cataract when compared with 4 or more CS drops daily. They also noted a 68% reduction in cataract surgery in children who received less than 3 drops/d, although this was not significant after controlling for confounding factors. Hence, they concluded that in the setting of JIA-U anterior uveitis, low doses of topical CS may be associated with a low risk of developing cataract when compared with patients receiving higher doses.
Genetics and Cataracts
Some studies have shown an association between HLA class I and II genes and JIA-U wherein HLA-B27, HLA-DR11 (HLA-DRB1*1104), and HLA-DR13 (HLA-DRB1*13) increase disease susceptibility, and HLA-DR1 is protective [21, 29, [41] [42] [43] [44] [45] [46] [47] . Other HLA alleles also have been associated with elevated uveitis risk [42, 43, 46] . Although certain HLA alleles can increase the risk of JIA-U, the association between HLA polymorphisms and the risk of cataracts is unknown. Interestingly, one study that discovered an association between HLA-DR5 and uveitis in a cohort of 72 children found that cataracts occurred in 24 of 61 of those children (39%) [45] . The role of HLA and the subsequent development of complications secondary to uveitis should be further elucidated.
Cataract Outcomes in Juvenile Idiopathic Arthritis
Outcomes from cataract surgery can differ depending on the etiology of the uveitis [38•] . Several factors should be considered in the decision of performing cataract surgery, including the risk of irreversible amyblyopia, patient age, degree of inflammation, preoperative VA, and current therapy [38•, 48•] .
Children with JIA-U who have undergone cataract surgery have had worse visual outcomes and a more complicated postsurgical course compared with children with uveitis secondary to other causes (ie, idiopathic), likely due to more severe intraocular inflammation and younger age [48•, 49] . Studies have demonstrated that control of ocular inflammation by immunosuppressive therapy perioperatively and postoperatively leads to improved outcomes. Hence, it is important that uveitis be quiescent, typically for at least 3 months prior to surgery [48•, 50•, 51] . Likewise, the successful management of cataract in JIA-U requires a comprehensive assessment of the adequacy of immunosuppressive control of uveitis prior to surgery, and of complex surgical decisions regarding IOL implantation and other comorbid ophthalmic pathologies such as posterior synechiae, glaucoma, and band keratopathy, which often occur in the setting of JIA-U.
Cataract surgery can be challenging due to limited surgical exposure from posterior synechiae and fibrinous membranes overlying the anterior lens capsule. Moreover, the management of postoperative complications such as uncontrolled inflammation, early posterior capsular opacification, glaucoma, cystoid macular edema (CME), epiretinal membrane, hypotony, and phthisis bulbi requires meticulous care [51] . Controversy remains regarding the placement of an IOL due to various complications (eg, synechiae from fibrin deposition, pupillary membrane formation, hypotony, secondary cataract formation) and the possible need for IOL explantation if the visual axis is compromised by IOL pigmentation or secondary fibrinous membranes [38•, 51] . However, recent studies have demonstrated favorable overall outcomes.
Quinones et al. [48•] reviewed the medical records of 34 children (41 eyes) with chronic uveitis and cataracts requiring surgery, of whom 21 children (27 eyes) had JIA-U. Although the 2 patients whose eyes worsened after surgery, and 9 of 10 children who required surgery at 5 years of age or younger had JIA-U, 88% of the cohort of children who had improved visual outcomes also had JIA-U. Potentially, the need for escalation of immunosuppression in the perioperative period is an important consideration, as is the need for close postoperative follow-up for uveitis exacerbations following cataract extraction.
Cataract Surgery
Cataract surgery can be challenging due to limited surgical exposure from posterior synechiae and fibrinous membranes overlying the anterior lens capsule. Moreover, the management of postoperative complications such as uncontrolled inflammation, early posterior capsular opacification, glaucoma, CME, epiretinal membrane, hypotony, and phthisis bulbi requires meticulous care [51] . Controversy remains regarding the placement of an IOL due to various complications (eg, synechiae from fibrin deposition, pupillary membrane formation, hypotony, secondary cataract formation) and the possible need for IOL explantation if the visual axis is compromised by IOL pigmentation or secondary fibrinous membranes [38•, 51] . However, recent studies have demonstrated favorable overall outcomes.
Acevedo et al. [51] examined the records of 24 patients (30 eyes) who underwent cataract surgery via standard phacoemulsification techniques [51] . A total of 93.3% of eyes improved or maintained VA and 6.7% of eyes worsened. A total of 76.7% of eyes were left aphakic, and 23.3% received an IOL implant with improvement after 1 year. Hence, the authors found that IOL implantation was well-tolerated in their subset of patients receiving an IOL.
Grajewski et al. [50• ] examined whether intraocular triamcinolone acetonide injection intraoperatively and the use of a lensectomy-vitrectomy technique reduces the incidence and severity of postoperative inflammation and complications from IOL implantation. In their cohort, there was improvement of VA and no worsening of anterior chamber cell inflammation, suggesting that removal of cataracts using vitreoretinal instrumentation may lead to acceptable visual and structural outcomes.
Initial Strategies for Cataract Prevention

Uveitis Screening
Because cataracts remain a frequent ophthalmic complication of JIA-U, strategies to prevent and identify cataracts are needed. These preventive strategies involve adherence to early screening guidelines for uveitis, as defined by the American Academy of Pediatrics, and education of parents regarding the importance of regular ophthalmic examinations (Table 1) .
Although studies differ with respect to the association of ANA positivity and male gender with cataracts, posterior synechiae and the use of topical CS have been associated with increased cataract risk. The presence of posterior synechiae may identify patients with more severe inflammation, and these patients should be monitored closely. Moreover, it is possible that patients with posterior synechiae warrant more aggressive immunosuppression to prevent further synechiae, as well as cataract development. The recent finding by Thorne et al. [35••] that topical CS use exceeding 3 drops/d is significantly associated with cataract development further emphasizes the need for immunosuppressive strategies that reduce the likelihood of cataract development exacerbated by frequent topical CS use.
The immunosuppressive strategies that allow the ophthalmologist to safely taper topical CS often require close collaboration among the pediatric rheumatologist, pediatric ophthalmologist, and uveitis or retinal disease specialist. Communication among subspecialists is paramount for the care of patients with JIA-U and fosters a comprehensive treatment plan while improving the ease of critical information exchange among the ophthalmologist, rheumatologist, patient, and family.
Immunosuppressive Therapy
Several retrospective series have addressed systemic immunosuppression for JIA-U. Methotrexate may reduce the rapidity of cataract formation in JIA-U. Other antimetabolites such as mycophenolate mofetil and azathioprine; tumor necrosis factor-α inhibitors such as infliximab and adalimumab; and other biologic agents, including the interleukin-2 receptor inhibitor daclizumab, have also demonstrated efficacy in the treatment of JIA-U and other forms of pediatric uveitis [40, [52] [53] [54] [55] [56] [57] .
Several authors have recently described the successful use of abatacept, a soluble fusion protein derived from the extracellular domain of cytotoxic T-lymphocyte antigen 4 linked to the FC domain of human IgG 1 , for uveitis [58] [59] [60] . Its mechanism of action, binding B7-cell surface molecule (CD80/CD86) on antigen-presenting cells and thereby blocking the CD28-B7 costimulatory signal required for T-cell activation, has been shown to reduce the severity of experimental autoimmune anterior uveitis. Recent reports of its efficacy in the treatment for JIA-U patients with severe uveitis refractory to multiple therapies, as well as reports of its efficacy in other animal models of uveitis have been particularly encouraging with regard to its potential for the treatment of JIA-U and prevention of secondary ocular complications, including cataract [61] .
Perioperative Corticosteroid Management in Addition to Systemic Immunosuppression
While screening and prevention of cataract are important goals in the care of patients with JIA-U, the relatively high incidence of cataract development approaching 80% in the study by Acevedo et al. [51] requires a systematic strategy for effective management. No prospective evidence exists regarding the optimal timing for cataract surgery; however, there is a consensus that the uveitis should be inactive for 3 months or longer prior to surgery [38•, 62] .
Preoperative escalation of immunosuppressive therapy with systemic or locally administered CS is advisable prior to surgery if the risk profile is acceptable to the patient. For example, oral prednisone may be prescribed at a dose of 0.5 to 1.0 mg/kg 3 to 7 days prior to surgery [38•] ; however, systemically administered CS may be associated with elevated intraocular pressure, and patients need to be closely monitored following surgery for an intraocular pressure spike if systemic CS is recommended. Another alternative for perioperative escalation of immunosuppression is a local periocular CS injection. However, the difficulty of administering local CS injections in pediatric patients in the clinic and the concomitant risks of inadvertent globe injury make this method a less desirable approach. Finally, local topical CS or topical NSAIDs may be considered, particularly in patients who cannot tolerate high-dose oral CS (eg, those with brittle diabetes).
Postoperatively, oral and topical CS should be tapered judiciously based on the level of disease activity [38•] . In patients who develop a uveitis flare-up following cataract surgery, administration of intravenous CS, periocular CS, or escalation of CS-sparing immunosuppression may be needed. Close collaboration between the ophthalmologist and the treating pediatric rheumatologist is extremely important to ensure a successful surgical outcome [63] .
Special Considerations in Cataract Management in Juvenile Idiopathic Arthritis-Associated Uveitis
Aphakia Versus Pseudophakia
One of the unresolved controversies regarding cataract surgery in JIA-U involves the implantation of an IOL (pseudophakia) following cataract extraction versus allowing the patient to remain without a lens (aphakia). An IOL implant may be associated with increased postoperative inflammation; posterior synechiae formation; and, less frequently, diffuse fibrin deposition on the IOL surface. Cyclitic membranes, hypotony, and phthisis bulbi also have been reported in patients with uncontrolled inflammation following cataract extraction with an IOL implant. However, more recently, several groups have described excellent outcomes with primary IOL implantation following cataract extraction [64, 65•] . In children who are left aphakic, early refractive correction is essential, particularly if the patient undergoes surgery during an amblyogenic period. In addition, difficulty with contact lens correction may make IOL placement a more desirable option.
Sijssens et al. [65• ] evaluated their long-term results of aphakic versus pseudophakic eyes in 48 eyes of 29 children treated over a 16-year period. In their series, secondary complications, including newly diagnosed ocular hypertension, glaucoma, and CME, did not differ between treatment groups. Moreover, pseudophakic status was associated with better VA at 7-year follow-up, and no patients developed hypotony, perilenticular membranes, or phthisis. However, the experience of other authors has differed, with one group reporting relatively poorer outcomes in patients with JIA-U undergoing cataract extraction with IOL implantation [49] . Specifically, in their series of five patients with JIA-U undergoing CE/IOL, all patients improved initially following surgery; however, three patients experienced deterioration in their vision due to amblyopia and/or maculopathy at 5-year follow-up. All three required a vitrectomy procedure due to retrolental membrane formation.
Type of Intraocular Lens Implant Material
Following the decision regarding whether to implant an IOL or leave the patient aphakic, there has been considerable debate in the literature regarding lens material selection. A prospective, randomized, comparative case series addressed this question in four different lens materials. Alio et al. [66] described a multicenter international study evaluating 140 uveitic eyes in 140 patients who underwent phacoemulsification with IOL implantation of hydrophobic acrylic, silicone, poly(methyl methacrylate) (PMMA), or heparincoated PMMA lenses. A total of 46% of patients improved to VA of 20/40 or better [66] . Patients with acrylic lenses showed the least inflammation at postoperative day 1 and at 3-month follow-up, while the acrylic-and heparin-coated PMMA lenses showed the lowest incidence of uveitis relapses. The silicone lens group showed the highest rate of posterior capsular opacification, at 34%; for this reason and because of its potential for interfering with vitreoretinal instrumentation, the silicone lens appear less desirable for cataract management in the setting of uveitis. Another study by Papaliodis et al. [67] supported these conclusions and found that acrylic lenses provided better results than heparin-coated PMMA, PMMA, and silicone lens following evaluation of inflammation, posterior capsule opacification, VA, and macular edema.
Limited Vitrectomy with or Without Capsulectomy at Time of Pediatric Cataract Surgery
In pediatric patients, secondary opacification of the capsular bag containing the cataract being removed frequently occurs following surgery and presents a challenging problem. Specifically, posterior capsular opacification and fibrosis may develop, leading to obscuration of the child's visual axis with a reduction in central VA. In older children, a neodymium yttrium-aluminum-garnet (Nd:YAG) laser capsulotomy may be performed in the clinic and avoids the need for vitrectomy instrumentation at the time of cataract surgery. However, in younger children in whom repeat general anesthesia would be needed for a surgical capsulotomy, limited anterior vitrectomy with posterior capsulectomy may be advisable following cataract extraction and IOL implantation to ensure that the visual axis is not eventually obscured by a central posterior capsular opacity. Pars plana anterior vitrectomy and anterior approach through the cornea or sclera have been described and are both associated with safe and effective management of the posterior capsule in pediatric cataract surgery [68] . Ultimately, the surgical approach may be determined by the surgeon's comfort with a posterior or anterior approach and the patient's age [69] .
Posterior Synechiae, Band Keratopathy, Glaucoma, and Cystoid Macular Edema
The management of cataract in JIA-U does not occur in isolation, as cataracts may be associated with other secondary complications, including posterior synechiae, band keratopathy, glaucoma, and CME. Because each of these findings may ultimately influence the visual outcome, careful attention is required to these individual processes during surgery and in the postoperative period.
Posterior synechiae, or adhesions from the iris to the lens requires synechiolysis prior to cataract extraction. Viscoelastic may be used to dissect the iris adhesions from the lens, but in other situations, a blunt spatula (ie, cyclodialysis spatula or iris sweep) is needed to accomplish this task. However, special care should be taken to avoid manipulating the iris, as perturbation of iris pigment cells contributes to postoperative inflammation. Iris hooks may also be needed in some patients to retract the iris peripherally to gain visualization of the cataractous lens.
In patients with longstanding uveitis, the deposition of calcium in the subepithelial space may warrant ethylenediamine tetra-acetic acid (EDTA) chelation prior to or after cataract surgery. This may be especially relevant in circumstances in which dense band keratopathy precludes a view adequate for cataract extraction.
Following cataract extraction, patients should be monitored carefully for the development of glaucoma and CME, both of which may worsen following cataract surgery because of ongoing, active inflammation (glaucoma, CME) or because of topical CS use (glaucoma). Management of glaucoma may include topical ocular hypotensive agents or filtration surgery. CME may be treated with topical CS or topical NSAIDs. However, local periocular or intravitreal CS are required, particularly in severe cases of CME.
Amblyopia Management
Depending on the age at onset of JIA-U and degree of asymmetry of disease activity, patients with JIA-U may be at risk of amblyopia. For this reason, careful evaluation by the pediatric ophthalmologist is needed to determine if an intervention is needed following the detection of amblyopia.
Deprivation amblyopia may occur as a result of band keratopathy or cataract formation, while refractive/anisometropic amblyopia may result from aphakia following cataract extraction. Strabismic amblyopia is less common in JIA-U; however, sensory exotropia or esotropia may develop in the setting of deprivation and alert the clinician to another cause of amblyopia. Combinations of the above may also occur and emphasize the need for proper evaluation and management by ophthalmologists with expertise in amblyopia management (ie, occlusion, pharmacologic therapy).
Conclusions
We strongly emphasize the importance of screening for uveitis in children with JIA, especially because early disease is usually asymptomatic. More frequent screening is needed for children with risk factors such as ANA positivity, oligoarthritis, polyarthritis that is rheumatoid factor negative, age younger than 7 years, and disease duration of less than 4 years. Early detection and prompt therapy can help prevent visual complications such as cataracts. Likewise, if cataract surgery or IOL placement is needed in this population, children with quiescent disease tend to have better outcomes that often require a combination of systemic and local immunosuppression. For this reason, collaboration between the rheumatologist and ophthalmologist is advisable to determine a proper perioperative medication regimen and postoperative follow-up strategy. Judicious consideration of these complex medical and surgical aspects of cataract management may help optimize the patient's surgical outcome and limit long-term cataract-associated visual morbidity.
